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(57) Abstract: A method and apparatus for communicating with and monitoring the operation of a device implanted within a pa- 
tient. A transceiver capable of being implanted within a patient provides a communication interface between an implanted medical 
device and a monitor external to the patient's body. The external monitor can communicate with a remote monitoring center over 
a communication network. The external monitor also provides control signals to the implanted device via the transceiver unit. The 
transceiver apparatus is capable of two-way communication between the implanted device and the external monitor. The transceiver 
apparatus is also capable of detecting actions performed by the implanted device and physiological signals directly from the patient's 
body. Thus, the transceiver apparatus provides a means for determining whether an implanted medical device is operating properly. 
The transceiver apparatus provides a way to remotely reprogram one or more implanted medical devices. 
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COMMUNICATION WITH AN IMPLANTED MEDICAL DEVICE 

Field of the Invention 
The invention relates to communication systems used to monitor medical 
devices implanted in a living being. More particularly, the invention relates to a 
transceiver device which facilitates the remote monitoring and reprogramming of one or 
more implanted medical devices within a patient. 

Background of the Invention 

Patients that have been identified as having a chronic physical condition, such as 
a cardiac disorder, are managed in a variety of ways. For some, devices such as a 
pacemaker or a cardiac defibrillator may be implanted into their body. Implantable 
medical devices ("IMDs ,f ) may be designed to perform a variety of functions. These 
functions include stimulation of body organs, drug delivery, and simple monitoring of 
physiological conditions of a patient. Most IMDs operate independently of any external 
inputs; but occasionally the devices need to be recharged, reprogrammed, or otherwise 
"cKeckecTto ensure proper performance: TypicaJly7~a~cor^ " 
provided between the IMD and an external monitor to reprogram and monitor the IMD. 
Unfortunately, such communication interfaces are very short-range due to the limited 
size and power allowances of the IMD. Additionally, in most cases today, recharging 
of the IMD device is an invasive procedure which creates trauma for the patient. To 
accomplish recharging, the IMD is removed, recharged, and replaced in a surgical 
procedure after a predetermined time or when the battery charge level is deemed "low." 

Due to the short-range communication limitation, activities such as monitoring, 
maintenance, and programming of an IMD must be performed using equipment in close 
proximity to the IMD. Typically, such monitoring and maintenance requires an IMD 
patient to visit a physician's office where the physician can communicate with the IMD 
by opening a low frequency communication channel. Once the channel is open, the 
physician can reprogram the IMD, conduct a performance check, and perform any other 
diagnostic functions deemed necessary. Although this form of IMD interface 
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communication has worked well, there is a need to bring IMD patients into a more 
efficient and less restrictive communication paradigm. It is cumbersome, time- 
consuming, and costly for patients to visit a physician's office to have an IMD 
reprogrammed. It is also cumbersome and costly to conduct and/or schedule 
5 transtelephonic pacer checks, which require application of a magnetic field at the 
patient's skin over the area where the IMD is located. 

Furthermore, in the event an implanted cardiac defibrillator discharges, it is 
extremely important that a record of the event is captured and a physician is notified 
almost immediately. Prior solutions to the need of physician notification include 

10 devices i that would notify a physician when the patient manually triggered the 
notification process. However, if a patient had a heart-attack, stroke, or other 
debilitating event, the patient may not be able to trigger the communication device, and 
a doctor would not be notified. Thus, it is desired to provide a means of remote and 
continuous monitoring of a patient's IMD performance without requiring patient- 

1 5 initiated surveillance of the IMD. 

Longer range communication systems have been proposed to be implemented 
within the IMDs themselves. In U.S. Patent No. 6,083,248, Thompson discloses a 
system in which a transceiver is incorporated within the IMD. This system provides a 
IongPranp^onim^ enables remot^m^toring~of the lMD; ~ The" 

20 transceiver communicates with an external patient communication control device that is 
worn by the patient, or otherwise located in close proximity. The external control 
device is linked with a remote medical support network. This system is further 
described in U.S. Patent No. 5,752,976 to Duffin & Thompson. 

One problem with the use of a transceiver within an IMD, as described in the 

25 above-referenced patents, is that it does not address the needs of patients having older 
IMDs that do not incorporate such a transceiver. Another problem with the transceiver 
being located within the IMD itself is the increased size of the IMD, making the IMD 
unsuitable in some applications. Additionally, a high powered transceiver may interfere 
with the operation of the IMD if located within the IMD. Thus, the IMD becomes a 

30 more complicated device, leading to an increased failure rate, which is unacceptable in 
life-threatening situations. 
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Another problem encountered when the transceiver is incorporated within the 

IMD is there is no way to verify that the IMD is operating properly. Specifically, there 

is no verifiable way to ascertain whether or not the IMD is accurately sensing the 

patient's actual condition as intended by the physician who programmed the IMD. 

5 There is also no verifiable way to determine whether the IMD is responding to the 

physiological conditions to which it was designed to respond. Put another way, there is 

no verifiable way to ascertain whether the EMD is performing like it "thinks" it is. 

In U.S. Patent No. 5,626,630 Markowitz describes a transceiver that can be 

adapted for use with new and old IMD's; however this transceiver must be electrically 

10 connected to the IMD. This fact makes this solution unworkable for patients with pre- 
existing implants because it would require the removal and rewiring of the IMD. In 
addition, if a patient who currently has an IMD wired to an implanted transceiver, as 
described by Markowitz, needs to have a second IMD implanted, the surgical procedure 
is farther complicated by the need to physically wire the already-implanted transceiver 

15 to the new IMD. 

Further to the disclosure of the patents discussed above, remote two-way 
communication is also possible with implantable devices by utilizing the system 
described in Kail Patent No. 5,959,529. The Kail Patent enables communication from 
an ambTUatdry^bj^r Kail— 

20 does not provide for communication with, monitoring, and programming an IMD within 
a patient. 

Thus there is a need to enable communication with IMDs that will not require a 
visit to a physician's office and will not necessarily require any pre-scheduling. There is 
also a need to provide a means for more constant monitoring of an IMD while allowing 

25 the patient to be mobile and free. Specifically, there is a need to monitor, periodically 
or continuously, the performance of an IMD within a patient to determine whether the 
IMD is operating as intended without inhibiting the patient's mobility or freedom. In 
the event the IMD is not operating properly, or a patient is in an emergency condition, 
there is a need for automatic physician notification. It is also desired to provide a 

30 transceiver that can monitor and otherwise communicate with multiple IMDs in a 
patient without being electrically connected to the IMD. In addition, there is a need to 
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provide a transceiver that is capable of communicating with old, pre-existing IMDs as 
well as newly implanted IMDs. 

Summary of the Invention 
5 In order to communicate remotely and at will with a previously-implanted IMD, 

and/or with an IMD to be implanted in the future, a transceiver apparatus is implanted 
into a patient to provide a communication interface between the IMD and an external 
monitor, which in turn communicates with a monitoring center. The monitoring center 
then notifies a physician in response to the communication received from the external 

10 monitor if necessary. The implanted transceiver is hermetically sealed and remains 
electrically isolated from the IMD with which it is intended to communicate. The 
implantable transceiver can be free-floating within the body or be affixed to the IMD. 
The transceiver is designed to communicate with pre-existing and new IMDs as 
appropriate. The transceiver design is selected based on size, power requirements, and 

IS so forth, depending on the communication requirements of the devices it will be 
monitoring and with which it will be communicating. 

One embodiment of the invention provides an implantable transceiver device 
electronically isolated from and in communication with one or more medical devices 
- — implanted- within™ a-patient; — In~another embodiment, the- invention provides a- 

20 communications system capable of continuously or periodically monitoring the 
performance of a medical device implanted within a patient without substantially 
limiting the patient's mobility. In a further embodiment, the invention enables the 
remote programming of a device implanted within a patient without requiring the 
patient to visit a physician's office or otherwise pre-schedule a reprogramming session. 

25 The advantages of the invention over the prior ait are realized in a first aspect of 

the invention which is a transceiver apparatus for use in conjunction with a device 
implanted into a living being and an external monitor. The transceiver comprises a 
communication system for communicating with the implanted device and the external 
monitor, a memory for storing digital information, a control system for executing 

30 instructions stored in the memory and managing communication over the 
communication system, and a power supply that provides power to the communication 
system, the control system, and the memory. 
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The purposes of the invention are further accomplished in another aspect of the 

invention which is an implantable transceiver apparatus that monitors a device 

implanted into a living being, and provides a communication interface with an external 

monitor. The transceiver comprises at least one two-way transceiver for 

5 communicating with the external monitor and/or the implanted device and at least one 

sensor for detecting stimulus generated by the implanted device and/or the living being. 

The transceiver also comprises a memory for storing digital information and a control 

system for executing instructions stored in the memory and managing communication 

using at least one two-way transceiver and managing stimulus detection using at least 

10 one sensor. The transceiver further comprises a power supply that provides power to at 
least one of the two-way transceivers, at least one of the sensors, the control system, and 
the memory, and a hermetically-sealed case suitable for implantation in the living being, 
the case housing at least one of the two-way transceivers, at least one of the sensors, the 
control system, and the memory. 

15 The implantable transceiver operates to monitor and communicate with various 

types of implantable devices and sensors. Some examples include, but are not limited 
to, artificial replacement organs (pacemaker, etc.), defibrillators, transplanted organs 
with sensors placed upon them, pumps (insulin, etc.), blood chemistry and activity 
meters, accelerometere^ 

20 ECG, sleep, respiration, blood pressure, blood gases, glucose levels and so forth. For 
definitional purposes herein, all such devices are referred to as IMDs.In one 
embodiment, the implantable transceiver includes one or more sensors. These sensors 
allow the implantable transceiver to sense the activity of the EMD as well as sensing 
physiological data directly from the patient. For example, one sensor may detect an 

25 electrical impulse discharged by an implanted defibrillator, while another sensor may 
detect ECG signals directly from the patient. In this way, the invention provides a way 
to determine whether an IMD is operating properly by comparing physiological data 
sensed by the implantable transceiver with physiological data sensed by the IMD. 
Furthermore, the implantable transceiver is capable of determining whether the IMD is 

30 properly responding to the physiological condition of the patient. 

One advantage of the invention is that the transceiver is capable of automatically 
sending an alert message to the monitoring center, and ultimately a physician, if the 
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physiological signals from the patients body indicate the patient is in need of immediate 
medical attention. In this way the invention fulfills the need of automatic physician 
notification without patient-initiated communication. 

Another advantage of the invention is, with the transceiver apparatus electrically 
5 isolated from the IMD, a physician can simply implant a transceiver apparatus into a 
patient with an already-implanted IMD, rather than replace the existing IMD with a new 
IMD incorporating an integrated transceiver. In this way, surgery is simplified and the 
impact of the surgery on the patient is minimized. 

An additional advantage of the invention is that the transceiver apparatus is 

10 capable of monitoring and communicating with more than one IMD. Thus, a patient 
with multiple IMDs could have a single transceiver implanted that will facilitate the 
reprogramming, monitoring, and recharging of each individual IMD. This reduces the 
number of devices implanted into a patient as well as the size and complexity of the 
IMDs. The invention also eliminates any need to electrically connect an already- 

15 implanted transceiver with a soon-to-be-implanted IMD, thereby reducing the time and 
physical impact of surgery. In addition, companies that design IMDs can design all new 
IMDs to be compatible with a standard and separate transceiver. Thus, with 
standardized technology, the cost to patients is decreased and IMD options are 
increased withincreasedcompatibility. — — — 

20 In one embodiment, the implantable transceiver operates in various modes. In 

i 

one mode the implantable transceiver monitors the operation of the IMD and detects 
situations in which the IMD is not functioning properly. In the event an IMD is not 
functioning properly, the implantable transceiver reprograms the IMD according to 
reprogramming instruction received from the monitoring center or already recorded in 
25 the memory of the implantable transceiver. In another mode, the implantable 
transceiver monitors the patient's physical condition and automatically notifies a 
physician when an emergency condition is detected. 
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Brief Description of the Drawings 

Figure 1 is a conceptual diagram illustrating the communication system 
facilitated by the invention. 

Figure 2 is a diagram further illustrating an embodiment of the communication 
5 system facilitated by the invention. 

Figure 2A is a diagram illustrating an embodiment of the communication system 
that locates the implantable transceiver external to the patient. 

Figure 3 is a block diagram showing the various components that may be 
included in an implantable transceiver unit. 
10 Figure 4 is a block diagram showing an implantable transceiver unit operating in 

an active communication mode with an IMD and an external monitor. 

Figure 5 is a block diagram showing an implantable transceiver unit operating in 
a surveillance mode with an IMD. 

Figure 6 is a flowchart illustrating a typical method of operation of an IMD 
15 within a patient. 

Figure 6A is a flowchart illustrating some operation modes of the implantable 
transceiver. 

Figure 7 is a flowchart illustrating a process of remotely reprogramming an IMD 

using the implantable transceiver. r — 

20 Figure 7A is a flowchart illustrating a process of automatic reprogramming of an 

IMD using the implantable transceiver. 

Figure 8 is a block diagram showing the implantable transceiver of the 
invention, which is capable of communicating with old and new IMDs having different 
communication systems. 
25 Figure 9 is a conceptual drawing showing the operation of a monitoring center 

in communication with various medical personnel communication devices. 

Figure 10 is a block diagram illustrating a database of medical personnel contact 
information. 

Figure 1 1 is a flowchart illustrating a method of notifying medical personnel of 
30 a patient's medical condition. 
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Detailed Description of the Invention 

Figure 1 illustrates one embodiment of the communication paradigm facilitated 
by the invention. An implantable transceiver 10 is implanted within a patient's body in 
close proximity, and so as to and communicate in both directions with, an IMD 20. The 
5 implantable transceiver 10 may be physically attached to the IMD 20 or it may be free- 
floating in the patient's body. The implantable transceiver 10 may otherwise be 
attached to the patient's body as well. For example, the implantable transceiver 10 may 
not be implanted within the patient's body, but rather be taped or otherwise secured to 
the outside of the patients body in close proximity to the IMD 20 within the patient's 
10 body. In some embodiments, the implantable transceiver 10 can be mechanically 
attached to the IMD 20, while still using a transceiver to communicate with the IMD 20 
and remaining electronically independent. The term "electronically independent" refers 
to the absence of hard electrical connections and does not exclude the use of wireless 
interfacing. 

15 The implantable transceiver 10 also communicates in both directions with an 

external monitor 30. The external monitor 30 can be a mobile or hand held apparatus. 
For example, the external monitor 30 can be similar to a personal digital assistant 
(PDA). A PDA is a common mobile device well known in the art. The external 
m^tor'30ncan~include~a"display that~allows "graphics and" text to be viewed by the — 

20 patient or physician. A touch panel can also be utilized. In one embodiment, the 
external monitor displays information in sufficient detail for diagnosing the patient. 
The number of attributes displayed on the display may be limited by the design 
parameters of the external monitor 30. For example, a product, manufactured by 
CardioNet, a California Corporation, of San Diego, California, referred to as 'The 

25 Monitor," could be used as the external monitor. The CardioNet monitor contains a 32 
bit microprocessor with 64 megabytes of Flash memory. This allows up to 24 hours of 
Sensor data to be stored and analyzed. The monitor also contains a cell phone modem 
which allows the device to communicate with the monitoring center when the patient is 
mobile. A built in GPS unit allows patient location to be determined. When the Monitor 

30 is placed into its charging base, the monitor can contact the monitoring center through a 
land line modem.. Alternatively, the external monitor 30 may be any similar device 
capable of two-way communication with the implantable transceiver 10. 
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The external monitor 30 utilizes a communication network 40, which may be a 

land-line telephone network, a wireless network, a satellite communication network, or 

other suitable network to facilitate two-way communication with a monitoring center 

SO. In one embodiment, the monitoring center SO is a remotely located medical support 

5 network comprising medical staff, communication systems, data processing and storage 

systems, and tracking systems able to remotely monitor the operation of the implantable 

transceiver 10 within the patient. For example, the monitoring center SO may be located 

in a room within a hospital or local doctor's office. The monitoring center SO may also 

be an independent structure. Hospital staff, including nurses, physicians, and technical 

10 support, operate and watch the tracking, communication, and processing systems that 
are in communication with the external monitor 30. In one embodiment, the monitoring 
center SO operates automatically and independently, notifying medical personnel when 
a pre-determined set of circumstances is detected by the implantable transceiver 10 and 
communicated to the monitoring center SO. Notification of medical personnel may be 

15 done by e-mail, telephone, pager, cell phone, or other suitable communication device. 
In this way, the monitoring center 50 requests and receives information about the IMD 
20 and the condition of the patient and alerts a physician if necessary. Thus, 
communication may flow in both directions between the monitoring center 50 and the 
implantable~ti^sce^ - 

20 network 40. 

In one embodiment, the monitoring center 50 has means to send and receive 
communication to and from the implantable transceiver 10. For example, some 
embodiments of the invention comprise a monitoring center 50 with wireless-digital 
communication systems able to send and receive data to and from the implantable 

25 transceiver 10. Other communication examples include land-line communications, 
satellite communications, and analog wireless communications. 

The monitoring center 50 also has means to store data received from the 
implantable transceiver 10. Further, the monitoring center has means to process and 
execute commands and instructions in accordance with the received data. In some 

30 embodiments, the monitoring center 50 has commercially available computer units with 
memory modules and processors capable of processing data received from the 
implantable transceiver. Any microprocessor or other processor capable of executing 
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instructions in accordance with the data received from the implantable transceiver 10 

will fulfill this aspect of the invention. Additionally, any memory module capable of 

storing the data received will fulfill this aspect of the invention. 

In some embodiments, if the implantable transceiver 10 sends information 

5 indicating the IMD 20 needs to be reprogrammed, the monitoring center 50 has means 

to notify pertinent medical staff that reprogramming is needed. For example, in some 

embodiments, the monitoring center SO uses a computer network to send a notification 

via e-mail to one or more physicians or other medical staff. The network can be a local 

intranet or the Internet or other suitable computer network capable of facilitating the 

10 sending and receiving of e-mail messages. In some embodiments, the notification is 

sent using telephone lines, either wired or wireless. These notifications may be sent to a 

pager or telephone of the medical personnel. After a doctor or other relevant medical 

personnel receives the notification, the party receiving the notification may then 

determine whether any action, such as reprogramming the IMD 20 or patient emergency 

1 5 assistance, is required. 

In another example, the monitoring center 50 can automatically compile 
reprogramming instructions and send those instructions to the implantable transceiver 
10 without alerting medical personnel. In this embodiment, the processing means in the 
monitoring center SO analyze the data received fronrthe implantable transceiver! 0 and 

20 compile reprogramming instructions based on the performance of the IMD 20 as 
indicated by the received data. In a further example, the implantable transceiver 10 can 
automatically compile and implement instructions to reprogram the IMD 20 without 
communications to or from the monitoring center 50. 

Figure 2 illustrates an embodiment of the communication system implemented 

25 by the invention described above with reference to Figure 1, wherein the implantable 
transceiver 10 may be used to communicate with multiple IMDs 20 within a patient. 
For example, the implantable transceiver 10 may facilitate communication between a 
monitoring center 50 and an implanted defibrillator as well as an implanted insulin 
pump. The implantable transceiver 10 may also facilitate communication with various 

30 other types of IMDs 20. Such IMDs 20 include, but are not limited to, artificial 
replacement organs (pacemaker, etc.), defibrillators, transplanted organs with sensors 
placed upon them, pumps (insulin, etc.), blood chemistry and activity meters, 
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accelerometers, and devices to monitor and assist pregnancy, ovulation, EEG, ECG, 
sleep, respiration, blood pressure, blood gases, glucose levels and so forth. In addition, 
the implantable transceiver 10 may be included within an IMD 20. 

In one example of the invention, the implantable transceiver 10 sends and 
receives messages to both an implanted insulin pump and an implanted defibrillator. In 
addition, the implantable transceiver 10 sends and receives messages to and from the 
external monitor 30, which can be worn or carried by the patient, or otherwise be kept 
in sufficient proximity to the implantable transceiver 10 to allow communication. The 
external monitor 30 may then communicate with the monitoring center 50 as described 
above with reference to Figure 1. 

In another embodiment of the invention, the implantable transceiver 10 utilizes 
Global Positioning System (GPS) technology and satellite communications to 
communicate the location of the patient to the external monitor 30, and ultimately to the 
monitoring center 50. Alternatively, the external monitor 30 includes the GPS 
technology to ascertain the patient's location, if the patient is wearing or otherwise 
carrying the external monitor 30, or if the external monitor 30 is in close proximity to 
the patient. The patient's location is sent to the monitoring center 50 as described 
above, and ultimately to a physician if necessary. In some embodiments, the patients 
location canalsobedetermined utilizing a relative positioning systemrascertaining the~ 
patient's location in relation to some known object or location. 

In one embodiment of the invention, the implantable transceiver 10 is used to 
reprogram an IMD 20 from a remote location, such as a monitoring center 50. This is 
further discussed below with reference to Figures 7 and 7A. 

In another embodiment, the implantable transceiver 10 continuously monitors 
the performance of the IMD 20 in order to ascertain when such programming is 
necessary. This embodiment is further discussed below with reference to Figure 6A. 

Figure 2A is a diagram illustrating an embodiment of the communication system 
that locates the transceiver 10 external to the patient. As illustrated in Figure 2 A, the 
transceiver 10 may be worn externally. For example, the transceiver 10 may be taped 
onto the body at a location that is proximate to the IMD 20, and as described above, it 
can provide communication between the IMD 20 and the external monitor 30. In such 
an application, the case that houses the transceiver 10 may be designed specifically to 
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be worn external to the patient.Figure 3 illustrates various components that may be 

included in one embodiment of the implantable transceiver 10, along with the functions 

performed by each. One aspect of the invention is to provide a transceiver apparatus 10 

for use with an IMD 20 implanted into a living being and an external monitor 30. The 

transceiver apparatus 10 comprises a communication system 12 to facilitate 

communication with the IMD 20 and the external monitor 30, a memory device 14 for 

storing digital information, a control system 15 for executing instructions stored in the 

memory device 14 and managing the communication system 12, and a power supply 16 

to provide power to all aspects of the transceiver apparatus 10. The transceiver 

apparatus 10 can further include at least one or more sensor units 17 configured to sense 

physiological conditions of the patient.In one embodiment, the communication system 

of the implantable transceiver 10 includes at least one two-way transceiver unit 12 to 

facilitate wireless communication with the IMD 20 and the external monitor 30. 

Known wireless techniques include personal area networks (PAN) and local area 

networks (LAN). Examples of these wireless techniques include Bluetooth technology 

and technology based on an IEEE 802.1 lb wireless specification.. Separate transceiver 

units 12 may be used to communicate with one or more IMDs 20 and the external 

monitor 30. Each of the two-way transceiver units 12 may request and receive 

"information^^ example" 

physiological data may be obtained through communication with the IMD 20. This data 

represents what physiological conditions the IMD 20 is sensing. In other words, the 

implantable transceiver 10 receives data indicating what the IMD 20 •thinks" the 

patient's physical condition is. 

The implantable transceiver 10 also includes a memory device 14 which stores 

data and information received through communication with the IMD 20 and the external 

monitor 30. The memory device 14 may be populated by read-only-memory ("ROM**) 

and/or random-access-memory ("RAM") devices depending on the design 

requirements. For example, it may be desirable to have system level software stored in 

a ROM format because these types of programs are seldom changed. Many types of 

ROMs are known in the art, including, programmable read-only memory ("PROM**). 

erasable programmable read-only memory ("EPROM ,f ), electrical read-only memory 

("EEPROM"), and flash-EEPROM. The most common type of ROM is masked read- 
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only memory, which is typically programmed by a manufacturer. This type of memory 

does not permit subsequent re-programming of the memory device 14. PROM is 

similar to ROM except that PROM is typically programmed after manufacture. For 

example, a medical professional could program the PROM after receiving the 

5 transceiver 10. 

EPROM does allow multiple programming of the memory device 14 by utilizing 

ultraviolet ("UV") light to erase the memory. EEPROM permits its erasure with the use 

of electricity. A more recent type of ROM is called flash-ROM which further decreases 

the erasure time as this memory device 14 is erased completely since it lacks the 

10 circuitry of the EEPROM for allowing partial erasure of individual locations. Flash* 
ROM does allow information to be written to an erased location even though some 
other locations were already written to after the memory was completely erased. 

RAM may also be used for the memory device 14. RAM allows the memory 
device 14 to be written to and read from, and will maintain its contents until power is 

15 interrupted to the memory device 14. Examples of RAM include static random-access 
memory ("SRAM") and dynamic random-access memory ('DRAM"). One or more of 
these types of ROM and/or RAM may be used in further embodiments of the invention 
depending on the design requirements. The prior descriptions are not intended to limit 
gig-types of memory devicesT4"known iiTtKeart that"could be u^"in"th^inventiblT^ 

20 The memory device 14 can have sufficient capacity to store reprogramming 
instructions, monitoring thresholds, and communication time schedules. In general, the 
memory device 14 has sufficient capacity in the form of ROM and/or RAM to store any 
information needed for accurate and reliable monitoring of the IMD 20. 

For example, in one embodiment the memory device 14 may store a data report 

25 of the actions performed by the IMD 20 with respect to the patient's physical condition 
at the time of those actions. The data report can include the physiologic conditions of 
the patient as sensed by one or more sensor units 17 of the implantable transceiver 10, 
described below, and as sensed by the IMD 20 and communicated to the implantable 
transceiver 10. In this way, the memory device 14 stores data necessary to determine if 

30 the IMD 20 is sensing the actual physiologic conditions of the patient, and responding 
accordingly. In other words, the data stored in the memory device 14 is used to 
determine whether the IMD 20 is operating as it 41 thinks" it is. 
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In some embodiments, the implantable transceiver 10 may include one or more 

sensor units 17. A sensor unit 17 can be used to sense an action performed by the IMD 

20. For example, the IMD action can be represented by an electronic impulse from an 

implanted defibrillator or a discharge of insulin from an insulin pump. One of skill in 

5 the art will recognize that there are many well known functions performed by various 

IMDs 20, and the examples given herein are not meant to limit the scope of the 

invention. Data representative of the IMD action can then be stored in the memory 

device 14 and can also be sent to the external monitor 30 through a two-way transceiver 

unit 12. 

10 In one embodiment, one or more sensor units 17 may be used to sense patient 

condition signals 24. For example, the patient condition signals 24 may be blood gases, 
glucose levels, respiration, ECG signals, etc. Data representing the patient condition 
signals 24 is collected directly from the patient's body through the sensor unit 17 
independent of the activity of the IMD 20. The data representing the patient condition 

15 signals 24 can then be stored in the memory device 14 and can also be transmitted to the 
external monitor 30 through a two-way transceiver unit 12. 

The implantable transceiver 10 also includes a control system 15 which 
organizes and manages the activities of the sensor units 17, the two-way transceiver 

xinits~147and the"raemory device~14r- 1 The control-system~15-may-include a*processorr 

20 For example, a programmable logic device, microprocessor, and microcontroller could 
be used as known to those of ordinary skill in the art. In one embodiment, the control 
system 15 is selected from an Atmel (San Jose, California) AVR family of 
microcontrollers which includes an AVR MEGA 103. Alternatively, the control system 
15 can include a FPGA or ASIC, which are configured to perform certain tasks. 

25 However, the control system 15 need only comprise any system that is capable of 
controlling the communication activities and data collection of the implantable 
transceiver 10. The control system 15 may process data representing patient condition 
signals 24 obtained through one or more sensor units 17 so as to compare that data with 
the data representing patient condition signals 24 obtained through the IMD 20 and 

30 communicated to the implantable transceiver 10. 

In one embodiment, the implantable transceiver 10 can be programmed to send 
an alert message to the monitoring center 50 if the above-described data comparison 
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shows that the data received through the sensor units 17 is not consistent with the data 

being obtained through the IMD 20. In this way, the implantable transceiver 10 

provides a way to determine whether the IMD 20 is functioning properly. Furthermore, 

the control system IS can execute reprogramming instructions previously stored in the 

5 memory device 14 automatically if the data comparison indicates the IMD 20 is not 

operating as desired. 

The implantable transceiver 10 also has a power source 16. The power source 

16 allows the implantable transceiver 10 to be self-powered and may, in some 

embodiments, be recharged by induction or other means not requiring surgical removal. 

10 For example, the implantable transceiver 10 can be powered by stored electro- 
mechanical energy similar to a watch that stores energy generated by human movement 
In embodiments where the transceiver 10 is located external to the patient, as 
illustrated in Figure 2 A, the external transceiver 10 can also include one or more sensor 
units 17 for sensing stimuli generated by the IMD and/or the patient as described above. 

15 Figure 4 illustrates the implantable transceiver 10 operating in an active 

communication mode. In some situations, an IMD 20 is programmed to perform an 
IMD action in response to certain patient condition signals 24 of the patient, which are 
detected by the IMD 20. The implantable transceiver 10 can receive data from the IMD 

2 Q concern i n g the lMD actions 22 and" the patient-condition-signals 24sensed by the - 

20 IMD 20 that triggered those IMD actions 22. 

For example, the IMD 20 may be an implanted cardiac device (i.e. a pacemaker 
or defibrillator), which monitors ECG signals it collects from the heart. When 
previously specified conditions are met, the IMD 20 discharges an electronic impulse to 
pulse or defibrillate the heart. The implantable transceiver 10 may communicate with 

25 the IMD 20 and receive data concerning the discharge of the IMD 20, the patient's 
current status, and the patient's physical condition which triggered the discharge as 
sensed by the IMD 20. This data, including the patient's physical location (using GPS 
technology, for example), is then sent to the external monitor 30, which in turn may 
send the data across the communication network 40 to the monitoring center 50. 

30 Alternatively, the GPS technology is located in the external monitor 30. In some 
embodiments, the monitoring center 50 has a database containing medical personnel 
contact information, which may include medical staff and physician names, telephone 
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numbers, pager numbers, e-mail addresses, work schedules, and other information 

useful in contacting a physician. The monitoring center 50 can contact a physician or 

take other action as necessary. The monitoring center 50 may also return a 

communication to the IMD 20, such as reprogramming instructions according to the 

method described with reference to Figure 7 below. 

In an alternative embodiment, the implantable transceiver 10 automatically 
executes reprogramming instructions if the data indicates the IMD 20 did not operate 
properly, such as not discharging properly or in a timely manner. In this way, the need 
for medical personnel intervention and assistance is minimized and the patients 
ambulatory ability is maximized. 

Figure 5 illustrates the implantable transceiver 10 operating in an external 
observer role referred to as a "surveillance mode." In this mode, the implantable 
transceiver 10 receives data through one or more sensor units 17. The sensor units 17 
detect the IMD actions 22 as well as the patient condition signals 24 from the patient. 
While operating in this surveillance mode, the invention fulfills many valuable 
purposes, such as determining if the performance of the IMD 20, as perceived by the 
IMD 20 itself, matches reality. In other words, surveillance mode operation provides a 
way for the implantable transceiver 10 to determine whether the IMD 20 is performing 
tHe~pro^I^ 

example, the performance of the IMD could be monitored according to the system of 
Figure 3 and the methods described in reference to Figures 5 and 6A below. 

Data received through the sensor units 17 is stored in the memory device 14 of 
the implantable transceiver 10 and may be sent to the external monitor 30. The external 
monitor 30 may then send the data to the monitoring center 50, where response action 
may or may not be taken. In another embodiment, the control system 15 of the 
implantable transceiver 10 processes the data obtained through the sensor units 17 and 
executes reprogramming instructions as necessary. 

The actions of the implantable transceiver 10 while operating in a surveillance 
mode may be done with or without patient knowledge. For example, the patient can be 
notified by a physician or other medical stafT that the IMD 20 will need reprogramming. 
Alternatively, reprogramming instructions may be sent to the IMD 20 via the 
implantable transceiver 10 without patient knowledge or notification. 
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For example, if the data received by the monitoring center 50 from the 
implantable transceiver 10 indicates the IMD 20 is not operating properly, the 
monitoring center 50 sends reprogramming instructions back to the IMD 20. 
Alternatively, if the data sensed and received by the implantable transceiver 10 
indicates the IMD 20 is operating in accordance with certain predetermined conditions, 
the implantable transceiver 10 automatically implements reprogramming instructions 
already Ltored on the memory device 14, which are designed to correct such a 
predetermined condition of operation. 

In one embodiment, the implantable transceiver 10 communicates with the IMD 
20 when one of the following three events occurs: a) interrogation in accordance with a 
predefined schedule; b) when an external signal is received from the external monitor 
30 or the monitoring center 50; or c) when the implantable transceiver 10 observes a 
predetermined change within the body, such as an ECG arrhythmia. In each case the 
implantable transceiver 10 then opens a communication channel with the IMD 20 to 
request information. It is also possible in some embodiments that the IMD 20 could 
initiate a request for communication with the implantable transceiver 10. 

In addition, if a sensor unit 17 has been provided on the implantable transceiver 
10 and the sensor unit 17 detects some IMD action, then the implantable transceiver 10 
nfcyl>pM^s<mun^ channel" with the IMD 20 and sendareportofthe sensed - - 
IMD action to the external monitor 30. In still other embodiment, the implantable 
transceiver 10 may have prescheduled times at which it periodically opens up a 
communication channel with the IMD 20 and then reports back to the external monitor 
30. Otherwise, the implantable transceiver may remain in an "inactive" watching state. 

In some embodiments, a periodic interrogation of the implantable transceiver 10 
may be programmed into the external monitor 30. For example, at periodic intervals 
(e,g. every five minutes) the external monitor 30 may send a request to the implantable 
transceiver 10 to open a communication channel and provide a report of the patient's 
condition and/or the performance of the IMD 20. It should be apparent that the request 
for interrogation may originate from any number of sources, such as the external 
monitor 30, the monitoring center 50, or manually by a physician or health care 
professional via an interface such as a keyboard that is connected to the monitoring 
center 50. 
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The implantable transceiver 10 in this embodiment could also be contained 

within the IMD 20, external to the IMD 20 as stated before, or electrically connected 

but external thereto. Another variant does not necessarily require an implantable 

transceiver 10 and uses the external monitor 30 to pick up signals from an IMD 20. In 

5 this case, the methods to activate communication are the same as before. One 

difference is that the user is required to place the external monitor 30 in close proximity 

to the IMD 20 before communication channels can function properly. 

Figure 6 is a flow chart illustrating a typical operation of an IMD 20 represented 

by an implanted cardiac device, such as a defibrillator or pacemaker. In step 200, the 

10 IMD 20 senses the ECG signals in the patient's body. Next, in step 210, the IMD 20 
assesses the ECG signals. Moving to step 220, the IMD 20 determines whether the 
ECG signals indicate that action is required. If the ECG signals indicate that an action 
from the IMD 20 is needed, the process proceeds to step 230, and the IMD 20 takes an 
appropriate action, such as discharging an appropriate level of electrical stimulus into 

15 the patient's body. Typically, the IMD 20 is preprogrammed to take action when it 
senses a pre-determined patient condition represented by the ECG signals. The process 
then returns to step 200, where the IMD 20 again senses the ECG signals from the 
patient and functions as described above. If it is determined in step 220 that no action 
from thelMD 20 is neededrthe process retirnis to step-200 and continues to function as 

20 described above. 

Figure 6A is a flow chart illustrating the operation of the implantable transceiver 
10 in both a surveillance mode and an active communication mode. In one 
embodiment, the implantable transceiver 10 initially operates in an inactive watching 
state 100. In this state, the implantable transceiver 10 does not communicate with or 

25 actively monitor the patient or the IMD 20. Active monitoring or surveillance refers to 
sensing the actions of the IMD 20 as well as the physiological signal of the patient and 
recording the sensed data. In one embodiment, any one of three events may cause the 
implantable transceiver 10 to leave the inactive watching state 100 and actively monitor 
or communicate with the IMD 20. In other words, one of three events causes the 

30 implantable transceiver to enter an active surveillance mode as described above with 
reference to Figure 5, or an active communication mode as described with reference to 
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Figure 4 above. These three events are described below with reference to steps 110, 
140 and 145. 

In step 1 10, if an external request is received by the implantable transceiver 10, 
the process leaves the inactive watching state 100 and moves to step 120. Such an 
external request may originate from the external monitor 30, the monitoring center 50, 
or the IMD 20 itself. The external request may either direct the implantable transceiver 
10 to enter a surveillance mode or an active communication mode. If the implantable 
transceiver 10 does not receive an external request, the implantable transceiver 10 
remains in the inactive watching state 100. 

In step 120, if the external request received is a request for surveillance mode, 
the process moves to step 125, and the implantable transceiver 10 actively monitors the 
actions of the IMD 20 and/or the physiological status of the patient as described above 
with reference to Figure 5. The implantable transceiver 10 generates a report of the 
obtained data concerning the activity of the IMD 20 and the patient's physical 
condition, which is stored in the memory device 14 of the implantable transceiver 10. 

Next, in step 127, the implantable transceiver 10 sends the data report to the 
external monitor 30 and the process moves to step 129. If, in step 129, it is determined 
that no more data or information is needed from the implantable transceiver 10, the 
proceslfetumrt^th^inactive^ as" 
described with reference to steps 110, 140, and 145. In some embodiments, such a 
determination is made after a predetermined period of time or after communication is 
received from the monitoring center 50 which indicates no more information is needed. 
Alternatively, if it is determined that more data or information is needed from the 
implantable transceiver 10 in step 129, the process returns to step 125 and proceeds as 
described above. 

Referring again to step 120, if surveillance mode is not requested, the external 
source requests an active communication mode and the process proceeds to step 135, 
wherein the implantable transceiver 10 opens communication channels with the IMD 20 
and the external monitor 30. Next, in step 137, the implantable transceiver 10 
communicates with the IMD 20 to request the needed information according to the 
external source request. During step 137, the implantable transceiver 10 can also obtain 
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data regarding patient condition and IMD performance through one or more sensor units 

17. 

Moving to step 130, the implantable transceiver 10 sends a report of the needed 
information to the external monitor 30. The needed information may include data such 
5 as what action was taken by the IMD 20 and when such action was taken; the patient's 
physical condition just prior to the action of the IMD 20; the patient's physical location 
(GPS data); and the patient's current physical condition. Additionally, while operating 
in an active communication mode, the implantable transceiver 10 can execute 
previously stored instructions to reprogram the IMD 20 if necessary. After step 130, the 

10 process moves to step 132. If, in step 132, it is determined that no more data or 
information is needed from the implantable transceiver 10, the process returns to the 
inactive watching state 100 to await further triggering events as described with 
reference to steps 110, 140, and 14S. In some embodiments, such a determination is 
made after a predetermined period of time or after communication is received from the 

1 5 monitoring center 50 which indicates no more information is needed. Alternatively, if it 
is determined that more data or information is needed from the implantable transceiver 
10 in step 132, the process returns to step 137 and proceeds as described above. 

The process can also leave the inactive watching state 100 if an action 
performed bylheTDV^ transceiver 10 iiTstep 140~If~ 

20 at step 140, the implantable transceiver 10 detects an action taken by the IMD 20, as 
described above with reference to step 230 in Figure 6, the process proceeds to step 135 
and continues as described above. If, at step 140, the implantable transceiver 10 does 
not detect an action taken by the IMD 20, as described above with reference to step 230 
in Figure 6, the process returns to the inactive watching state 100 to await further 

25 triggering events as described with reference to steps 1 10, 140, and 145. 

The process can also leave an inactive watching state 100 if, in step 145, the 
current time is a prescheduled time wherein the implantable transceiver is programmed 
to enter an active communication mode, as described above with reference to Figure 4. 
At step 145, if the current time is such a pre-scheduled time, the process proceeds to 

30 step 135 and continues as described above. If, at step 145, the current time is not such a 
pre-scheduled time, the process then returns to the inactive watching state 100 to await 
further triggering events as described with reference to steps 1 10, 140, and 145. 
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The processes illustrated by Figures 6 and 6A show that the implantable 

transceiver 10, external to the IMD, can communicate in various manners. For 

example, in the context of a pacemaker, the implantable transceiver 10 will first receive 

an external signal generated by the external monitor 30 originating from the external 

5 monitor 30 or the monitoring center SO. This external signal tells the implantable 

transceiver 10 to open a communication channel with the pacemaker. Once 

communications are open, the implantable transceiver 10 can conduct a two-way dialog 

with the pacemaker to obtain performance data and to issue new instructions. 

Alternatively, or simultaneously, the implantable transceiver 10 can monitor the 

10 pacemaker's performance in a surveillance mode. The surveillance mode can be 
activated by an external signal or can be done continuously. If done continuously, 
triggering parameters may be established to tell the implantable transceiver 10 when it 
should actively transmit data externally. In this surveillance mode it is not necessary to 
have open communications with the pacemaker. 

IS In a similar fashion the implantable transceiver 10 can interact with implanted 

cardiac defibrillators. One notable situation of such interaction would be detection of 
an event within the surveillance mode, as described above with reference to Figures 5, 
6, and ek, when the defibrillator discharges into the patient. One or more sensor units 
17~det^rthis"large voltagechange. IiTresponse, th~e~impl&t^l^trro^ 

20 quickly seeks to open a communication channel with the implanted defibrillator. The 
implantable transceiver 10 will then ask for information from the implanted defibrillator 
regarding the current patient status, the status of the defibrillator device, the status (or 
readings) of the patient just prior to discharge and any other relevant information i.e. 
time, date, patient location etc. This information is sent to the external monitor 30 once 

25 collected or while being collected. The external monitor 30 then relays this information 
over the communication network 40 to the monitoring center SO and ultimately to the 
physician. In this way, the implantable transceiver 10 performs a valuable function 
connecting patients with physicians without costly office visits and enables better 
management and control of IMDs 20. 

30 In some embodiments, the active communication mode and the surveillance 

mode may be used simultaneously or cooperatively. For example, an event sensed 
during the surveillance mode may trigger the implantable transceiver 10 to open an 
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active communication link with the IMD 20. In this way, referring again to Figure 6A, 

an event detected during step 125 may cause the implantable transceiver 10 to open 

communication with the IMD 20 according to step 135 as described above. 

Figure 7 is a flowchart illustrating one method of reprogramming the IMD 20 
using the implantable transceiver 10. In one embodiment, the process of 
reprogramming the IMD 20 may be triggered by either the implantable transceiver 10, 
or by a physician. In the case where the process is initiated by the implantable 
transceiver 10, the process begins at step 300, wherein the implantable transceiver 10 
senses physiological data, such as ECG signals, from the patient inconsistent with the 
physiologic signals being sensed by the IMD 20. Next, at step 305, the implantable 
transceiver 10 sends an alert message containing the IMD 20 performance data to the 
monitoring center 50. The alert message may contain data showing the IMD 20 is not 
functioning properly. The alert message is sent through the external monitor 30 and the 
communication network 40 as described above. Moving to step 310, the monitoring 
center 50 receives the alert message and data, and a physician or the monitoring center 
50 analyzes the data. In step 315, the monitoring center 50, a physician, or other 
medical personnel determines whether the IMD 20 needs to be reprogrammed. If the 
IMD 20 needs to be reprogrammed, the process moves to a step 320, as will be 
described"below^Ifrin~step~315rreprogramining is not necessaryrthe process ends and 
will begin again when triggered by the event described above in step 300, or by the 
event described below in step 325. 

In the case where the process is triggered by a user, such as a physician, the 
process begins at step 325, wherein the physician determines reprogramming is 
necessary. Such a determination may be made for a variety of reasons. For example, 
the physician may determine during an office visit or after a phone consultation that the 
patient's needs have changed. The process then proceeds directly to step 320, wherein 
the physician compiles reprogramming instructions. Regardless of how the process 
begins, the process proceeds from the step 320 to step 330, where the monitoring center 
50 sends the reprogramming instructions to the implantable transceiver through the 
communication network 40 and the external monitor 30. Finally, at step 335, the 
implantable transceiver 10 receives the reprogramming instructions and implements 
them to reprogram the IMD 20. 
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Figure 7A is a flowchart showing an alternative method of reprogramming the 

1MD 20 using only the implantable transceiver 10. Initially, in step 400, the 

implantable transceiver is operating in an active surveillance mode, monitoring the 

condition of the patient and/or the operation of the IMD 20 as described above with 

5 reference to Figure 6 A. Next, in step 410, the implantable transceiver 10 analyzes or 

processes the data obtained while monitoring the patient and the IMD 20. This 

processing step is carried out by the control system 15. If, in step 420, the results of 

processing the data indicate reprogramming the IMD 20 is needed, the process moves to 

step 430. For example, if the data indicates the IMD 20 performed an action, such as 

10 discharging an electrical pulse, when the patient's condition did not warrant such an 
action, the IMD 20 will need to be reprogrammed to ensure proper operation in the 
future. In another example, the data may indicate the IMD 20 senses a particular 
physical condition from the patient, such as low blood pressure, while the implantable 
transceiver 10 senses an inconsistent condition, such as high blood pressure. In such a 

1 5 case, the IMD 20 may not be operating properly and may need reprogramming. 

In step 430, after reprogramming has been deemed necessary in step 420, the 
implantable transceiver 10 compiles instructions to reprogram the IMD 20 according to 
the indications of the data analyzed in step 410. The instructions are compiled using 
inf6nnati6iFl>i^ 

20 software. Once the reprogramming instructions are compiled, the instructions are 
executed by the control system 15 to reprogram the IMD 20 in step 440. The process 
then returns to step 400 where the implantable transceiver 10 monitors the patient and 
the IMD 20. 

Figure 8 illustrates the implantable transceiver 10 used in communicating with 
25 and monitoring old and new IMDs 20. For example, some old IMDs 20 require a 
magnetic field communication system, while newer IMDs 20 are capable of secure 
digital communication. In some embodiments, the implantable transceiver 10 may be 
equipped to utilize a magnetic field communication system, and/or an analog 
communication system, and/or a digital communication system, such that a single 
30 implantable transceiver 10 may communicate with both an old and a new IMD 20 
within a patient. 
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Figure 9 illustrates the monitoring center 50 in communication with various 

medical personnel response devices. The teim medical personnel refers to physicians, 

nurses, residents, orderlies, or other staff capable of offering the needed medical 

attention to the patient. A response device is any device capable of receiving and 

displaying a message to a person, and sending a response that indicates receipt of the 

message back to the origin of the message. For example, common response devices are 

personal computers, telephones, and pagers. The above-listed examples of medical 

personnel and response devices are given only as examples and are not meant to limit 

the scope of the invention. 

In some embodiments of the invention, data received by the monitoring center 
50 from the implantable transceiver 10 indicates the patient is in need of immediate 
medical care. In such a case, the monitoring center 50 contacts an ambulance or 
medical personnel to provide the necessary care. For example, a physician can be 
contacted on a wireless or portable telephone 52 or at the physician's home 56 via a 
land-line telephone network. In other examples, medical personnel can be contacted via 
e-mail received on a personal computer 58. Other response devices include pagers 54 
and radio communication to an ambulance 59. The monitoring center 50 can send an 
alert message to many medical personnel response devices simultaneously. 
^SltemativelyTthe monitoring center 50 can send an alert message to a single response" 
device such as the personal computer 58 of an individual physician. 

In some embodiments of the invention, the monitoring center 50 uses a database 
containing medical personnel contact information. The contact information stored in 
the database can include medical personnel names, positions, schedules, e-mail 
addresses, telephone and pager numbers, and other information useful in contacting the 
medical personnel. The medical personnel contact information can be organized within 
the database in any of a variety of well known ways. 

Figure 10 illustrates one embodiment of a medical personnel contact database 60 
for use in the system described herein, wherein the contact information includes data 
indicating a hierarchy of medical personnel contacts. In some embodiments, the 
hierarchy can be organized, for example, according to the patient in need or according 
to the medical condition of the patient (e.g. emergency or non-emergency; life- 
threatening or non-life-threatening). In this embodiment, the database 60 indicates a 
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first contact and subsequent priority-level contacts to use in response to patient needs. 

One of skill in the art will recognize that the database can be organized in a variety of 

ways, and the examples illustrated and discussed herein are not meant to limit the scope 

of the invention. 

For example, referring to Figure 10, the database 60 contains data representing 
the patient name and medical condition of the patient represented in column 62. In 
connection with each patient and/or medical condition, a hierarchy of contact 
information is provided. Each patient 62 is assigned a first contact indicated in column 
64. In addition, each patient is assigned subsequent contacts, such as a second contact 
indicated in column 66 and a third contact indicated in column 68. In some 
embodiments, the data base 60 can include more contacts depending on the needs of the 
patients and the availability of medical personnel. 

In one embodiment, if the data received from the implantable transceiver 10 by 
the monitoring center SO indicates that Patient 1 needs medical attention, the monitoring 
center 50 will access the database 60, and retrieve the contact information 
corresponding to Patient 1. The monitoring center 50 will first attempt to contact a first 
contact 64 Nurse 1 by sending an alert message to the e-mail address 
nursel@email.com. If Nurse 1 does not respond to the alert message after a pre- 
determin^"^ 

second contact 66 Nurse 2 at the e-mail address nurse2@email.com. If Nurse 2 does 
not respond after a predetermined period of time, the monitoring center 50 will send the 
alert message to a third contact 68 Doctor 1 at the pager number 555-1234. The 
monitoring center 50 will continue to send the alert message to multiple contacts until a 
message is received by the monitoring center 50 acknowledging receipt of the alert 
message. 

In another example, after receiving data from the implantable transceiver 10 
indicating a Patient 4 needs medical attention, the monitoring center 50 sends an alert 
message to multiple response devices of the first contact 64 Doctor 1. Thus, the 
monitoring center send the alert message to the pager number 555-1234, the e-mail 
address doctorl@email.com, the cellular phone number 555-1 122, and the home phone 
number 555-1111. If no response is received from Doctor 1 within a predetermined 
time period, the monitoring center 50 sends the alert message to the various response 
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devices of a second contact 66 Doctor 3. The monitoring center continues to send the 

alert message to the response devices of the various contacts in order of priority until a 

message is received by the monitoring center 50 in response to the alert message. 

In some embodiments, the hierarchy of contacts is organized based on the 
medical condition or need of the patient rather than the identity of the patient. For 
example, if the monitoring center 50 receives data from the implantable transceiver 10 
indicating that a patient needs treatment for Condition 2, the monitoring center will send 
an alert message to a first contact 64 Doctor 1. The alert message will then be sent to 
subsequent-priority contacts until a response to the alert message is received by the 
monitoring center 50. 

Figure 1 1 is a flowchart illustrating the operation of the monitoring center in one 
embodiment of the invention. In step 500, the ^monitoring center 50 receives data from 
the implantable transceiver 10 indicating the EMD patient needs medical attention. 
Such data can indicate the EMD 20 is not operating properly and needs to be 
reprogrammed in a timely manner. In other examples, the data indicates an emergency 
situation wherein the patient needs immediate medical treatment. Moving to step 505, 
the monitoring center 50 sends an alert message to a first contact response device of one 
or more medical personnel. In some embodiments, the alert message contains 
infonnation"regarding"the patient*s namercondition and locationras well as any other- 
information useful in satisfying the needs of the patient. Some examples of response 
devices is given above with reference to Figure 10. In addition, some examples of first 
contact medical personnel are given above with reference to Figure 10. 

Next, in step 510, the monitoring center 50 determines whether there has been a 
timely response to the alert message. If a response is received within a predetermined 
amount of time, the process moves to step 515, wherein the medical personnel that 
received the alert message acts in response to the needs of the patient. For example, the 
medical personnel can prepare reprogramming instructions for the IMD 20 or dispatch 
emergency medical personnel to the location of the patient. In some embodiments of 
step 515, the medical personnel communicates with the monitoring center 50 to obtain 
information regarding the patient's name, condition and location, as well as my other 
information useful in satisfying the needs of the patient. 
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If a response to the alert message is not received within the predetermined time 

period, the process moves to step 520, wherein the alert message is sent to the next 

priority contact response device. For example, with reference to Figure 10, if no 

response; was received from a first contact 64, the alert message is sent to a second 

5 contact <>6. Similarly, if no response was received from a second contact 66, the alert 

message is sent to a third contact 68. 

Thus, the invention described herein resolves and overcomes the longstanding 

problem in the art of the inability of transceivers to communicate with older, previously 

implanted IMDs by providing an implantable transceiver which is electronically 

10 independent from the IMD. This problem is also overcome by providing an implantable 
transceiver with multiple communication systems compatible with old and new IMDs. 

The invention described herein fulfills the need to remotely monitor and 
communicate with an IMD without requiring pre-scheduling or an office visit by 
providing an implantable transceiver capable of long-range communication with a 

15 central monitoring center to facilitate the remote reprogramming of an IMD within a 
patient. The invention described herein also obviates the need for multiple transceivers 
or integrated transceivers to communicate with multiple IMDs within a patient by 
providing an implantable transceiver capable of monitoring and communicating with 
multipleTMDs while remaining electronically~isolatal~from tl^IMD^Ih - this" way7 

20 surgery time and expense is minimized. Furthermore, the invention provides a 
transceiver capable of automatically reprogramming and monitoring an IMD without 
intervention by medical personnel, further minimizing costs and maximizing patient 
mobility and independence. 

The invention described herein provides a more efficient and reliable means for 

25 notifying medical personnel of a patient's needs. Thus, the invention fulfills the need 
for a responsive and reliable notification system when a patient with an IMD is in need 
of urgent medical assistance. 
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WHAT IS CLAIMED IS : 

1. An apparatus for use in conjunction with at least one device which is 

implanted into a living being, comprising; 

a communication device for communicating with the at least one 

5 implanted device and an external monitor, wherein the communication device of 

the apparatus is electrically independent of the at least one implanted device; 

a memory device for storing electronic data; and 

a control module for processing the data stored in the memory device 

and managing communication over the communication device. 

10 2. The apparatus of claim 1 further comprising a power supply that 

provides power to the communication device, the control module, and the memory 

device. 

3. The apparatus of claim 1 further comprising a sealed case suitable for 
implantation in the living being, the case housing the communication device, the control 

1 5 module, and the memory device. 

4. A communication apparatus for use in conjunction with one or more 
devices which are implanted into a living being, comprising; 

at least one two-way transceiver for communicating with at least one of 
an external monitor and the one or more implanted devices, wfi^inthe at least" 
20 one two-way transceiver is electrically independent of the one or more 

implanted devices; 

a memory device for storing data; and 
j a control module for processing data stored in the memory device and 
managing communication using the at least one two-way transceiver. 
25 5. The apparatus of claim 4 further comprising a sealed case suitable for 

implantation in said living being, the case housing the at least one two-way transceiver, 
the control module, and the memory device. 

6. The apparatus of claim 4 further comprising at least one sensor for 
detecting stimulus generated by at least one of the one or more implanted devices and 

30 the living being. 

7. The apparatus of claim 4 further comprising a power supply which is 
rechargeable. 
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8. The apparatus of claim 7 wherein the power supply is recharged using an 
electromechanical recharging system. 

9. The apparatus of claim 7 wherein the power supply is recharged using an 
induction-based recharging system. 

5 10. The apparatus of claim 4 wherein the memory device has a capacity 

sufficient to record all information relating to an event experienced by the one or more 
implanted devices. 

1 1 . The apparatus of claim 5 wherein the sealed case includes mechanical 
attachment components for attaching to the one or more implanted devices. 
10 12. A system for monitoring and communicating with at least one device 

implanted within a living being comprising: 

a monitoring center which is capable of communicating, storing, and 
processing electronic data; 

a communication network capable of long-range communication; 
15 an external monitor located external and in proximity to the living being 

and capable of transmitting and receiving communication signals to and from 
the monitoring center via the communication network; and 

a transceiver apparatus capable of communicating, storing and 
~~piro(^sing^lwtroni 

20 transmitting and receiving communication signals to and from the at least one 

implanted device and the external monitor, and wherein the transceiver 
apparatus is electronically independent from the at least on implanted device. 
13. The system of claim 12 wherein said communication signals are 
encrypted between the at least one implanted device, the transceiver apparatus, the 
25 external monitor, and the monitoring center. 

Ij4. The system of claim 12 wherein the transceiver apparatus is contained in 
a sealed case capable of being implanted into a living being. 

15. The system of claim 12 wherein the communication network is a land- 
line telephone network. 

30 16. The system of claim 12 wherein the communication network is a satellite 

communication network. 
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17. The system of claim 12 wherein the communication network is a 

wireless network. 

18. The system of claim 12 wherein the transceiver apparatus is configured 
to sense actions performed by the at least one implanted device. 

5 19. The system of claim 12 wherein the transceiver apparatus is configured 

to detect physiological signals from the living being. 

20. The system of claim 12 wherein the external monitor includes a 
microprocessor and stored instructions for execution on said microprocessor. 

21. A method of monitoring and reprogramming at least one device 
10 implanted within a living being, the method comprising the steps of: 

sensing actions performed by the at least one implanted device and 
physiologic signals from the living being; 

compiling information defining the performed actions and physiological 
signals into a data report; 
1 5 storing the data report; 

analyzing the data report to determine whether the at least one implanted 
device operates properly; and 

remotely reprogramming the at least one implanted device if it is 



determined in the analyzing steplhaTthe at least one ii^laited"device~isnoT 
20 operating properly. 

22. The method of claim 21 wherein the sensing step is performed by a 
transceiver apparatus capable of two-way communication with the at least one 
implanted device. 

23. The method of claim 22 further comprising the step of sending the data 
25 report from the transceiver apparatus to a monitor external to the living being and 

located in proximity to the transceiver apparatus. 

24. The method of claim 23 further comprising the step of sending the data 
report from the external monitor to a monitoring center via a communication network. 

2-5. A system for monitoring a device implanted in a body, comprising: 
30 a monitor located external to the body; 

a transceiver located so as to transmit and receive signals between the 
transceiver and the device, and so as to transmit and receive signals between the 
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transceiver and the monitor such that device operation information is 
communicated from the device via the transceiver to the monitor, and such that 
control signals are communicated from the monitor via the transceiver to the 
device. 

5 26. The system of claim 25 wherein the monitor includes circuitry for signal 

evaluation. 

27. The system of claim 25 wherein the monitor produces visual information 
regarding the device operation information. 

28. The system of claim 25 wherein the monitor produces audio signals 
1 0 regarding the device operation information. 

29. The system of claim 25 wherein the monitor produces control signals in 
response to communication received from the device via the transceiver, and wherein 
the control signals are communicated to the device via the transceiver. 

30. The system of claim 25 wherein the monitor produces control signals in 
15 response to input from a user, and wherein the control signals are communicated to the 

device via the transceiver. 

31. The system of claim 25 wherein the transceiver includes a memory 
device capable of storing the device operation information and the control signals. 

32L ""The system of ^lim 25^hereiiTthe transceiver includes a control" 
20 module capable of processing electronic data. 

33. The system of claim 25 wherein the transceiver includes a 
communication device capable of providing a communication interface between the 
device and the monitor. 

34. The system of claim 25 wherein the transceiver is implanted within the 

25 body. 

35. The system of claim 25 wherein the transceiver is external to the body. 
3j6. A method of monitoring and responding to the physical condition of a 

patient, wherein the patient has one or more devices implanted in the patient's body, 
comprising the steps of: 

30 sensing actions performed by the one or more implanted devices and 

physiologic signals from the patient; 
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compiling information defining the performed actions and physiological 

signals into a data report; 

storing the data report; 

analyzing the data report to determine whether the at least one implanted 
device operates properly and whether the patient needs medical treatment; 

notifying medical personnel if it is determined that the implanted device 
in not operating properly; and 

alerting medical personnel if it is determined that the patient needs 
medical treatment. 

37. A system for notifying medical personnel of a patient's medical needs, 
wherein the patient has at least one device implanted in the patient's body, comprising: 

a monitor located external to the patient's body; 

a transceiver located so as to transmit and receive signals between the 
transceiver and the implanted device, and so as to transmit and receive signals 
between the transceiver and the monitor such that device operation information 
is communicated from the implanted device via the transceiver to the monitor, 
and such that control signals are communicated from the monitor via the 
transceiver to the implanted device; and 

a monitoring center configured so as to receive™ the d™a^6peratioif 
information from the monitor, and so as to notify a first contact medical 
personnel that the patient needs medical treatment, and so as to notify a second 
medical personnel that the patient needs treatment if the first contact medical 
personnel does not respond to notification, and so as to notify subsequent 
contact medical personnel if previous contact medical personnel do not respond 
to notification. 

38. A method of notifying medical personnel of a patient's medical needs, 
wherein the patient has at least one device implanted in the patient's body, comprising 
the steps of: 

determining that the patient needs medical treatment; 
sending an alert message to a medical contact; and 
sending a subsequent alert message to a subsequent medical contact if a 
response message in response to a previously sent alert message is not received. 
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39. A system for monitoring and reprogramming at least one device 

implanted within a living being comprising: 

means for sensing actions performed by the at least one implanted device 
and physiologic signals from the living being; 

means for compiling information defining the performed actions and 
physiological signals into a data report; 

means for storing the data report; 

means for analyzing the data report to determine whether the at least one 
implanted device operates properly; and 

means for remotely reprogramming the at least one implanted device if it 
is determined by the analyzing means that the at least one implanted device is 
not operating properly. 

40. The system of claim 39 wherein the sensing means is a transceiver 
apparatus capable of two-way communication with the at least one implanted device. 

41. The system of claim 40 further comprising means for sending the data 
report from the transceiver apparatus to a monitor external to the living being and 
located in proximity to the transceiver apparatus. 

42. The system of claim 41 further comprising means for sending the data 
report from the external monitor to a monitoring center via a communication network. 

43. A system for monitoring and responding to the physical condition of a 
patient, wherein the patient has one or more devices implanted in the patient's body, 
comprising: 

means for sensing actions performed by the one or more implanted 
devices and physiologic signals from the patient; 

means for compiling information defining the performed actions and 
physiological signals into a data report; 

means for storing the data report; 

means for analyzing the data report to determine whether the at least one 
implanted device operates properly and whether the patient needs medical 
treatment; 

means for notifying medical personnel if it is determined that the 
implanted device in not operating properly; and 
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means for alerting medical personnel if it is determined that the patient 

needs medical treatment. 

44. A system for notifying medical personnel of a patient's medical needs, 
wherein the patient has at least one device implanted in the patient's body, comprising: 
5 means for determining that the patient needs medical treatment; 

means for sending an alert message to a medical contact; and 
means for sending a subsequent alert message to a subsequent medical 
contact if a response message in response to a previously sent alert message is 
not received. 

10 45. A method of monitoring and reprogramming at least one device 

implanted within a living being, the method comprising the steps of: 

sensing actions performed by the at least one implanted device and 
physiologic signals from the living being; 

evaluating the sensed actions and physiological signals to determine the 
1 5 operation integrity of the at least one implanted device; and 

remotely reprogramming the at least one implanted device if it is 
determined that the at least one implanted device is not operating properly. 

46. The method of claim 45 wherein the sensing step is performed by a 
transceiver apparatus capable~~of "two-way communication witlr~tfre~~at~least~one~ 

20 implanted device. 

47. The method of claim 46 further comprising the step of sending the data 
report from the transceiver apparatus to a monitor external to the living being and 
located in proximity to the transceiver apparatus. 

48. The method of claim 47 further comprising the step of sending the data 
25 report from the external monitor to a monitoring center via a communication network. 

49. A system for monitoring and reprogramming at least one device 
implanted within a living being, the method comprising the steps of: 

means for sensing actions performed by the at least one implanted device 
and physiologic signals from the living being; 
30 means for evaluating the sensed actions and physiological signals to 

determine the operation integrity of the at least one implanted device; and 
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means for remotely reprogramming the at least one implanted device if it 
is determined that the at least one implanted device is not operating properly. 
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